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DeecriDTlon 

Lvmphokin«9 siuch as Intsrfsrons Iherelnsner edmatlmas acbrsvlaied as IFNa) and mteneukin-2 
(herelnattar somaiimsa BbbrevlatBd aa lL-2) havo been conaldared to be of clinical valus for tha trootmont 

5 of virol infectiona and mallgnanetes and recent technological adwancaa In Qanatic anginesring hava made it 
In principle pofisible to produce aucti lymphoUnas on largo scales Howaver, II la known mat the clearanco 
of lymohoWnea adminisiarad to the living body ia In general very ahort In tha ceae of lympholdnca derived 
from hoterolegoua animalsr it la antldpacod that and bodiea may be producad in soma Inatancaa and eauaa 
asvera reaction auch aa anaphvtaxia. Therofore, taennologv devalopmant fa daafned which ieada to delayed 

T9 clearance of lymotioklnea used aa druga, with their activity retainod, and furthor to docrgoao in their 
antieonicity. To aehiaya thia ebjectf chemical modification of lymphokmaa ia a vary affaedve means. Such 
chamleal modification is aj^acsad to result in delayed clearance In tha living bodv. decreased antigenicity 
and« funher* increaaed phyalologicci actlvlcy. Prom the practical viewpoint, the aigniffcanco of chomical 
modification of lymphoklnaa ia ihua very great 

m Genaraiiy> in chamicallv nnodified physIologlcBlhf anive prtnelna, a method la required by which said 
protelna can bo chomicoily modKlad while rsiaining their phyalolegieai aetlvliy. Petyethylena glycol methyl 
ether is considered to have no antigenicity and tharatona la uaad in chemfcal modlflcaaon of orotelna. The 
InuodtiCtlon of aaid aubscance into proteins ia generally performed by way of the intemtediary of cyonuric 
chloride. Howaver, cyanuric chloride la toxic per se and the posaible toxicity of its degradation products in 

;}0 y/hfo remains open to quesxton. Tharerore, cyanuric chloride ahould De used with caution. Hjrchermore, me 
reacdon irrvolved requlrea a pH on the olkalrno aide ond dnaroforo the above-mentioned method of 
modification has a drawback In that It cannot bo applied to protaina liable to InaeSlvadon under alkaline 
conoioona. 

U.S* Patent No. 4.002.631 diacloaea a method of producing monoaikylpolyethylene glycol darlvedvaa 
^ of enzymes. However, the method diadoaed therein* which uaae aodium boronydflde at pH B.5* when 
applied to lynrtpholdnea. may poaaibly deauoy the phyalological activity of lymphoklnea and therefore 
cannot serve aa an effecdva molhed of production. Furthermoror said patent spedfTcatlon doea not any 
suggestion as to the effect of daiaying the in ¥No dearanca of the enzyme derfvath^ea. Such alTtet ia 

therefore unknown. . . . ^ 

M There is alao known a method of Introducing a low molecular aldehyde such aa formaldehyde, 
aoetaldehyde, benzaldenyda or pyrldoxai into pnyafoiogicaiiy acdve proieina in the prmenca of a 
boron-containing reducing ogant (Methods In Cnaymeiogy, 4?, 468-^478 (1977); Japanoae Patent 
Unexamlnod Publication Mo. 15^596/831. HoMiever, application of said marthod to lympnoldnea falla to 
achieve sfTaciive delay in deerance. A substantial deereaae In antigenicity cannot be expected bin rather It 
as la poesible that the low molecular aldehyde Introduced may serve as a hapten to theraby provldo said 
lymphoklnaa with immunoganicliy. 

The preaent Inventors atudiod Intonelvaly to overeomo the sbove diffleultiea end have now completed 
the present Invention. 

Thia invention provides chemically modified lymphoUnea having polyethylene glycol of tha formula 

^ FH-O-CHr-CMs-fe m 

wherein H is a protecdve group for the terminal oxygen atom and n is an optional poaltlve Integer, bonded 
directly to at least one pflmaiy amino group of the ivmohoklna moiety and a method of producing the 

4S aomo. 

In the present apedfieatlon^ the term "lymphokina" indudaa soluble fiactora released from 
lymphccyies ami involved in cellular immunity and subatancea equlvatent thereto In phyalologlcat activity. 

Thus, the lymphokinea may be genetically engineered products, producte dertved from various 
animals induding humane and farther include subatancea similar In rtructure and in phyaioioaicat activity 
fiD to cheae. 

For instance, there may, tiementioned varfoua Interferons [intarfBron-a (IFN-o). interferon-^ IIFN-Ph 
intartaron-v (IFN«Y).L Itr2« rriaeinopneoe differentiating faaor (MDF). macroptiags activating factor (MAF). 
tiaaue plaaminogen ociivotar, and subatancea almiler in structure arwf in phyaiologieal activity to these. 
Eaeamplea of said aubetanees similar In structure and In phyaiologieal acth^ are substances having 

SB me structure or IPN-v except for die lack of 2 to 4 amino adda at the fHerminel thereof (PCT/JP84/00292, 
filed June 6, 1864). varloue IFN-Yfragmenta tacking in tha C terminal portion of IFH^ (0.9. 1CK spaeiae; EPC 
Patent Application Mb. 84 11113UK auBstanoea navfrtg ma structure or 11^2 except for the lack of me 
PMermfnal amino acid thefoof (£PC (laid openi 91533) or th e lack of 4 smino adda from the N-termlnel 
(Japanaaa Patent AppHcsdon 68-236838. filed Oaeember 13. 19831 and aubetsnces having the atructure of 

«D. 1L-2 except for me lack of one or more constituent amino aelda wim or wRhout one or more auosfituta 
amino acids In piece of wid miaalng one or ones, for example tirte IL-2 aifaiog containing aeflna in lieu of the 
126th amino actd cysteine (EPC (laid open) 104798). 

Preferred among auch lympnoldnea are iPN*a. iPN-y fconaiaQng of 148 amino adds (EPC (leld open) 
0009876)1. IPN"^ lacking In two N-tarminal amino adds (IPN^ d2). iPN-y lacking In three N-tarminat amino 

ss adds (l^jy d3). and TL-2. 



EP 0 154 31S B1 

Th tymphokinea to bo usad In ih praetfes of the invention preferably hava a molecular weight of 
6.000 to 50J)00« more preferably 10,000 to 30,000. 

Ttie primory amino group of lymphokinoa Includoa Ihe N-termlnal o-amino group end the e-am)ne 
group of the lysine residue. 
s Referring to the group represented bv the above Tomtuie llh ine terminal oxygen^orotoctlng group R la, 
for flxampio, an olkyl or oikonoyi group* The elkyt group b profferebly an allryl of 1 to 16 carbon etoma, more 
preferably a lower (Ci.J alkyi, auch aa methyl, ethyl, propyl »-propyl, butyl, l-butyt. 8e&-butyl or t^butyl. The 
alkanoyl group (a prarerat)lv an alksnoy) of 1 to 8 carbon aioms* more oreferably b lower |Ci^) alkenoyl, 
ouch aa formyl, acetyl, propionyl, butyryl, Nbutyryt or caproyl. The poeWve Integer n Is preferably not more 

fo than SOOf more preferably 7 to 130. 

The group of fbrmule (1) preferably has a molecular weight of not more than 25*000, mora preferably 
360 to 6«000. From the viowpeinte of phyalologleal aetivity retention and deeranea delaying affect, the 
group of formula (I) prefarablv has a molecular walflht correaoonding to 1 to 10%, more prefeFably 2 to 6% 
of the molecular weight of the lynrtohoWne to be modified, 
ts The chemically modified lymphokinaa aeeordTng to the invention have the group of formula {!) directly 
banded to at teo^t one of the primary group of the corra&ponoing lympnoklnea. 

When the N^ierminal o-amlno group Is the only primary amino group In tho lymphofcino to bo 
modifiod, the modifiod lymphoUne haa the group of fonmula (t) dlroctly bend«d to said amino group. When 
the lymphoklne to be modified haa one or more (yaine residues in Its molecule, the modified lymphokine 
has tne group of formulo (1) dirocdv bonded to soma percomaga, prvforobly 15 to 60% ten the average)< of 
aald e-amino groups. In thle caae« the N-termlnal oramino group may have or may not have the groug of 
formula 01 directly bonded thereto. ... , ^ 

Tha GhomlGalty modrflod iymphokinaa according to tho immntlon can be produced, for example, by 
roaedng a fymphokino with the aldehyde of the formula 

fM-0-CH4CHrte=tO-CH,CHO (M) 

wherein R ond n era oa defined obovo. In die presence of e rodueing agent. 

Aa the boron^omaining reducing agent to be used aa conducting tha reaction, thara may be 

JO mantfonso sodium boronydride and sodium cyanoborohydrfdo. Among them« more prefarred ia aodium 
cyenoborohydrlde fromlhe viewpoint of selectivity of raaaion or possibility of carrying out the reaction in 
the neighborhood of neutrality. 

in cerrying out the reecdon, the aidohyde lo uood in on amount of about 1 to 10,000 molsa par mole 
of the tymphoklne, end tho boroiv«ontainlng rBdueIng agent ie uaed in an amount of about 1 to 100 molaa 

50 par mole of The lympnokine. Tne oegree of modification can be oalactod as deaired by varying the mole 
rotio between lymphokino and aidahyda (II). The solvent to bo used In arrying out the invention may be 
Any Jtolvent which does not disturb tha reaction and ia. for example, a Dtlffler aucn es a onospnata or borate 
buffdr. An organic solvent which does not inactivate iympholdnea or disturb the rooction, such sa a lower 
alkanol {m^ methanol, ethanol, I-propanoll or acatonltrne. may be added, The roactlon may be eonductod 

40 within e broad pH range of 3 to ia but is preferably perform eo in tne viciniiy or neutrBtUv (oH e.s--7.5). The 
reecdon temperature may be selected within a broad range of 0* to 80*C» preferably 0* to 60*C, so es not to 
cause denaturation of tympheieines. A period of 0.5 to 100 hours, generally 10 to 80 hours, will be aufRcient 
for tne reaction. Tlie Oaelreo, cnemically modined lymphoUnee can be okneihed by purifyirtg the reaction 
mixture by dialyaiSf aaltlng out, ion axchange ehrometography. gel fOtratlon. high peifomiance liquid 

4f chromatography, electrophoreala. or cha Ilka ordinary method of purifying proteins. The degree of 
modlfiCeOon of tne amino group or groups can bo celculoted by add degradation fellowod by amino odd 
onalyela, for instonoe. 

The above-mentfoned aidanyde (111 can be produced from an emytene glycol deriVBtlva of the formula 



R(0 CHaCHrfaOH (UII 



Wherein R and n are ea deflhed above, for Inatance. The following la a mediod of producing the same which 
fa advantageous In that the production of tne oorrespondlng oypraoua cartraxyiic ado is imia 

Thus, the compound <in) la oxidSced wKh pyridlnlum chlorochromota in a holoelkdno aoh^ent auch aa 
methylerie chloride or ehleroform. In thie eaee..pyr{dTnlum chloroehromate is used in an amount of 1 to 3 
moles permole of compound 010 and tne reaction ia carried out at -10* to eorc. preferaDtv at room 
temperaajror for 1 to 30 houra^ 

Treatment Of compound (111) (n-1) with pottntum butoidde In t-butanol followed by reaction with a 
oramoaeetBi and treatment with en edd auch as an organic acid (e.g. uifluoroecetic add) or an inorgenic 
SQ acid |e.g. hydroohtoric or oul^rlc add} can aiao give the correapending aldehyde (10 which is longer In 
chain length by ^-^O^CH^CH^ than compound (ill). In thia caaa. 10 to 30 molaa. per mole of compound 
(III). OT Dotaaalum t-butoxide ts added to the above compound end, after di8aolution« 3 to 15 moleai per 
mole of compound (ill), of a bromoacetal ia added, followed by reaction st 10^ to aD*C for 0«5 to 5 houra. 
After treatment of the reaction mboure In tha conventional mannor ins produa is olssoiveo in a dilute 
es aqueoua aolution of the above-mentioned add. followed by heedng for 5 minutea to 2 houra. 
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tn aach caoo, th« ruction mlytura can be subSecied t purfflcailon process conventional In tho flold of 
chemistry, such as enreetlon, conoantraiion. recrvsialliati n, raprodpltadon. chromatography and/or 
distillation. , ^ . ^ . . - . ^. 

The chamicalty modified lymphokmes occoidlng to the invention hovo uooful phyQiological activitioa 
^ aimllar to choaa of the corrosponding knovwn, unmodified lymphokinea and are useful as drugs, among 
others* 

■me Chemically modified ivmpnoMnflS according to tho invention exhibit 4o\Wf in doaronce in v/vo oa 
compared with the corraopondlng kcnown, unmodified lymphoklnes and are tow In toxfehy end antigenicity 
and can be uaad safely for the aame purposes and in the same manner as In the case of known 
'c lymphotclnea* 

Tho chemieahy modified lymphakines according to the invention can ususlly be admintstered to 
mammals (monkey, dog« pig, rabbit mouse, human) either orally or parenterally in the form of aooroprlate 
phamiaceutlCBl compoaitlona prepared fay using carriers/ diluents, etc., which are known In themselves. 
Thus, for Inetonce, chemically modified IFN-a according to the invention, when used as an antiviral 
fS agent, te racommendably administer^ to human adults once a day DV inirBVenous Inlectlon In a dose of 
ixno* to lxiO» international units. ^ . . ..^ - 

In the prvsem apactflcatlon, the amino actdSr when referred to by abbrevletione, are abbreviated 
according to lUPAC-lUB (Crommlsaion of Blolootcal Nomenclature). 

The fransformant £$ehmehio co//294/pHrrtrp1t01*<i2 as disclosed herslnlatar in a reference example 
M> has bean deposited with Imnituta for Fermentation^ Osaka (IFQl under the deposit number IFO-14360 and« 
ainca June e, 1384, WBh the Fermentation RoHarch Instituto (FRU, Agency of Induasrinl Scionco and 
Technology, Ministry of Intamatlonal Trade and Industry under die deposit number FERM BP*703 under 
Budapest Treaty. . _ ... 

The strair) €schmM9 ea/i DH1/t)TF4 has been deposited with the InstilutB for Fermentation, Oeeka 
i9 undertho deposit number iFO-14399 And, since April 1984. with the FRt under the deposit numoar FERM 
BP-628 under Budapest Treaty. 

Brief description of drewfnga 

Fig. 1 shows the dearance^alaying effiect In rat plasma aa disclosed In Example 1 (W). The 
M measuremem results obtained wich die ehemieaily modified IFN-o according to the Invention as produced 
In Example 1 (i) are indlcessd by O (onzyme Inrniunoasaay) and □ (antiviral activity eaatty). and the resutta 
obtained with riFNniA uaod ae a control by % <anzyme Immunoassay) and ■ (antiviral activity assay). 

Rg, 3 showe the deeranca-delaying sffed in rat plasma as dlsctosad In Example 3 (H). The date 
indicated by ^. □ and 9 are the enzyme immunoassay data for compound No. 8« compound No. 2 (Table 
aa 1) and control riFN-oA* respectively. 

Rg, 3 shows the construction scname for the expression ptaamid pHlTDXiiiOi*d2 disclosed fn 
Reference Example 3 (1) and Fig. 4 die construction achomo for the expression plasmid pLCS disci oaad in 
Reference Example 4 (i). 

49 Best mods for corTyine out the Invention 

The following working examples and reference examplee mustrate the invemfon In rnore deail but ans 
OV no meana llmfistivo of the imremion. 

Example 1 

49 Production of potyethylena glycel methyl ether-modlflad IFN-o 

(I) A &4nl (4.8 mg aa protein) portion of s solution of IFN^ (rlFN-oA) wsa dlalyzed agarnsi 02 M 
phosphate Ourfer (pH 7.0) end 0.13 M aodlum chloride at 4*C far 12 hours. To the dlalyzate taken out. there 
woe added the polyethyleneglyeol nMthyl ether aldehyde (average molecular weight ^JSOO) (260 mg) 
obtained In Reference Exannple 1. Thon^ sodium cyaruiborohydridB (140 mg) wss sdded and the mixture 

50 was sdrred at for 40 hours. Tho resction mixture woa poured Into a Sophadex G-TS column Oi0x43.0 
cm) end developed with 26 mM ammpnium acatata buffer |pH E.0) and 0.15 M aodlum chloride* The eluate 
wvas collectad (n B-mi portione. Eluate fraciiona (100^1 50 ml) containing the contampiaied produa were 
combined. ^UBoying l>y the towry merdiod using bovine serum albumin ae a standard ravealad that the 
protein eomam in the combined fractions was 84 ughnL Amino acid ratios in acid hydrolyaata (6 N 

ss rryorochlonc acid. IIOX. 24 houra) were as folUiwa: A^, 12.2 (12); Thr, 10.4 (10); Ser« 16.0 (14); Glu, 24.8 
(28); Pro, 8.0 (5); Gly, 0.2 (S); Ala. 8.8 (8); Val« aS (7); Mat, 4.0 (5); lie, 7.8 (8>; Uu, 21.0 (21); Tyr, 6.2 (S); Phe, 
9.9 (10): Lya. &5; Hia. 3JB (31: Arp. 9.1 (9): Cys. Trp, deeomposao. In view of the fact that rlFN^UV contelns 7 1 
Lys residues^ the above results led to a conclusion diat atiout 4i % of Lya rooiduos In interferon a had boon 
modified at the a-amine group with the polyethylene glycol methyl ether (average molecular weight 1 ^900). 

«o The potency of this product as datarmined by the enayme immunoassay matnod (Methods in Enzymoiogy, 
79. 689-896 (1981)1 was 1.51x10' intamational units/mg and tite sntivirel activity as determined by the 
method described In Journal of ViroU»gy, 37, 755— 7S8 (1981) wee 0.57x10^ Intemationel unrta/mg. This 
product (lFA-3) wsa submitted 10 a clearance taai In rats as mentioned leter harein. 

ill) Using 100 mg of tho polyethylene glyoot methyl ether aldehyde obtained In Reference EKampla 1 

as end having an average moieculer weight of 750 end 100 mg of aodlum eyanoborohydrtda. nPN-oA was 
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matad in the samo manner as (i) to give 3D ml of B aolulTon Of polVBihylone fllvcol oiothyl ethor-modifled 
IFN^ with a protein contenl of 130 ue/ml Amino add ratios In acid hydrotvaato N h^hiorlc ac^^^^ 
litre, 24 hours) wero oa foOovw: Asp, 12.1 (12h Thr, 10.1 (10); S«r. 13.6 lid); Glu. 28.7 (26); Pro, 5.6 (5); 
Gly. 5.6 (B); Ala. 9.4 (81: VbI, a? (7): Mai. 5.B (6): lie. 7.4 (8); Leu, 21,0 (21); Tyr. 5.1 (5); Phe, M (JO); Lya, 4,7; 

5 Hie. 3.S t3): Am, 9-1 (9): rm. (2); Cya. decompoaod. The above data mdlcata that about fi7% of Lye 
foaldues hod been modified at the e-amino group. Eniyme Immunoassay pertbrmed in rns aams manner 
oe (I) gave the reeulC Sk10» Intomaiionei unitBrtng, and ttie antiviral activity of the product wee 0.14xio» 

International unlSB/mg. ^ , _^ . . . ^ ^ 

(lU) The procedure of (I) waa followed using 27 mg of the polyethylene glycol metnyi etner aldehyde 

w and 27 mg of sodium eyanoborohydrida and there wee oKRainod SO ml of a polyethylene glycol methyl 
etner-modiffea IFN-Q solution with a protein content of 45 |ig/ml. Amino acid retloe In acid hydralyBste (S N 
hydrochloric add. 110^. 24 hours) gave the following reautte: Aep, ^^V^?' J^VJ°;* ffii?^® 
Glu, 2B.6 (M; Pro. S.5 (5): 6ly. S.I (S|; Ale, 8,3 (81; VaL 6.6 (7); Mot, M (5); Uv, 7.4 (8); Leu. 21.0 (21); Tyr, S.3 
(5); Phe, 10.2 (10); Lye, 9.0; Hie, 3.8 O): Arg, 9.1 (9); Trp, 2-3 (2); Cya. decomposed. The above data indicate 

fs that about 18% of Lye roaiduee hud baan modTfled at the e<emlno group. Eruyme (mmunoassay performed 
(n the aame manner as (I) cava the result 1*09xlO» Tntemotionol unlKa/hng and the antiviral eedvlty of thia 
product wee 1.63>c10" intometlonal unita/mg. ^ ^ , ... ^ . , 

(rv) Tha chemleelly modffldd IFN-a (lFAr3) of tne invention as omalned atiovo In (1) wee edmlnietered to 
a orouD of three 7-week-old female SD rata by Iniecifon into the famoral muscle In a doae of 1 J74x io» unite 

20 par caphD. After a proacHbed period, Mood waa aampled from the caudal vein end me iFN-a cxstsncy In 
pleema was determtnea oy the enzyme immunoaaaay mvthod end enthrirai ocdvity method daaeribad in 
Example 1 (I). A distlncc delay in clearance wee ebservod as eomparod with a group administered 
unmodified intorferon a (rtFN^oA) In a doae l-253xio« uniB per ceptia. 
The above resulta ere depleted In Fig. 1. 

za , 

Example 2^ ^^^^ .on„ion ^ chemically modified iFN-o (IFA-a) of the Invention ee obtained In Example 1 
(I), thero lo addad ISO mg of human senim eituimln. The resulting solution la fllteroo mrougn a memorane 
fiitar (pore size: 0.2 Mm) and distributed Into 5 vlals, followed by lyophillzatlon and storage. The conienta of 
so each vial are diaeolved In 1 ,mJ of distilled weter for Iniectlon Just pnor to uae. 

Pradi^on of potyethyleno glycol mediyl ethe^modmed IFN-a end allMnoyKpolyethylane glycol-modinea 

3S (I) THe tStte compounds were oyniheefaad by using the polyethylane glyeol methyl ether eldahyde and 
ollcanoyi polyethylene glycol eldehyda obtained In Reference Example 1 and Reference Example Z, 
respectively, and following the procedure of Example l. Venous date fer oech derivative ayntheaized ere 
shown In TaWe 1 end amino edd anelyeie deta therefor In Table 2. ^ ^, ^ ^ ^, «i 

(M) The chamieaiiy modified IPN^ spedee obtained in (Ik ebovo (compounda No. 2 and Na 8) were 

itt administered to 7^week-ald l^male SD rota In groups of 3 by Intremuacular ln{eedon Into the femur In doees 
of a.l2xio« unite and 2.66x10^ untu« rsspecttvety, Thoroefter, blood samples were collected trom the 
caudal vetn st times Intervsts and essayed for IPNhi potency In plaama ky ancymo Immunowaay. 
Obviously deloyeri dsarance woe netod ee compared with the group givwi a^xlO* unKa of unmodified 
IPN-Q. These resulte are depicted In Rg. 2. 
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TABLE 3 



Amine odd onalysts value 



Com* 
pound 
No. 


1 


2 


8 


4 


6 


8 


7 


8 


9 


rIFN 
-oA 




ASD 


12.8 


12,7 


12.5 


12.5 


134 


12.9 


12.2 


12.5 


12.8 


12.8 


12 




117 


11.6 


11.2 


10.9 


11.3 


114 


10.9 


11.8 


11J 


11.8 


10 


Sor 


1S.0 


18.7 


18.7 


16^ 


17.8 


15.6 


1S.A 


18.8 


1S.8 


16.8 


14 


Rill 








27.3 


27.8 


27.0 


28.1 


20.9 


20«4 


27.0 


28 


Pm 






0.D 


9.5 


5.6 


S.B 


S.5 


6,7 


5w7 


3.7 


E 


uiy 






A a 
•■o 


A A 




A A 








4.D 


5 


Ala 

Ala 






Q i 


7 n 




7 R 

/■D 


7 1 


8mI 


8."* 


7 ft 


8 
























4 


V8I 






0»/ 


D.W 


7 ^ 


A 7 


Qua 




7 1 


R R 

D-D 


7 


Met 


3.2 


4.7 


4.3 


4.3 


4>4 


4.3 


4.1 


4.7 


4.8 


3.9 


8 


Ho 


7.7 


7.7 


7.7 


7.8 


8.0 


7.8 


7^ 


7.S 


7.8 


7,6 


8 


Leu 


21.0 


210) 


21.0 


21X 


21.0 


21.0 


21il 


21j0 


21 J) 


21.0 


21 


Tyr 


4^ 


4.S 


4.0 


4.6 


4.8 


46 




C8 


4.8 


4.6 


6 


Pho 


9.8 


9.B 


9.0 


BJB 


9.8 


9l8 


a4 


8.7 


9.8 


9.8 


10 


Lve 


8.6 


10.3 


10.8 


9M 


5.4 


8.1 


3.3 


8.8 


4.9 


11,3 


11 


Hl« 


2.7 


3.0 


2.7 


2.7 


2.9 


2^ 


2.8 


2.9 


2.8 


4^1 


9 


Afg 


83 


SS 


9.2 


BJB 


ai 


8.8 




7.7 


7.6 


ao 


9 


Trp 
















OS 


1.0 




2 



w 



95 



« Mot dstectad. 

Example 4 

PraducQon or poivethytane glycol methyl athsr-mocltfied lnterferon<y 

(i) A 6»ml portion (8.39 mg ee proielnl of o eolution of the Imerforon-v protein produced DV tna 

0 recombtnent DNA technique (hereineffeer ebbrevlated as rirN-v; cf. EPC leld open No. 1 10044) woo eppHed 
to a Seohadex 6-25 column.l2.0x60.0 cm) and developed with a2 M phoiphatB bufhr <pH 7.0). The eiuate 
wee fracdoneted fn O-ml portlone. Fraexlone Noa. 11 — 13 wore oimblned end diluted to 100 ml with ttio 
same buffer. Thereto wae added polyethylene glycol methyl ether eldehyde (average molecular weight 
760) (22B mg), fotlowad by addition of aodlum cyanoooronydrlda 1300 mg)« The mixture was ahelcon at 37% 

SB for 73 hours. The resulting preelpltete wee removed by eantrlfugatlon. Tho eupsmatem wee concantreted 
(0 10 ml uarng a Olefiow membrane (Amicon). The eoncentrete wea applied to a Saphedex G-76 oolumn 
(301x43.0 cm) end developed wrth 2B,mM emmonium acetate buffer (pH 8.0)^15 M eodfum chlortdfi-f IQ 
mM glutathione. The eluete wea fractionated in fr-ml portione. Frectlone Moe. 17-^24 containing the desired 
produce vvere combined. The protaln content In the comoined frectione as determined by the Bradford 

00 method uaing bovina sooim elbumin oa e etendard wes 7.73 Ug/^l* The add hydrolysate (6 N nydrocnlorlo 
ectd, llffC, 24 hours) geve the following amino actd analyefe values: Aap« 19.8 (20); Thr» 4.7 (6); Son 8.3 
(11K Qlu, 18.3 (18); Pro, 2.1 (2): QIV. 3.4 (5); Aid. 7.8 (8); Val, 8.4 (8); Met. 3.7 14); lie. 7.1 (7): Leu, 9.7 (10), Tyr. 
5.3 15); Pha, 9.7 (10); Lye, 17.6; His, 2.0 (2); Arg, 6.0 (8); Cya. Trp, decompoeed. Since rlFN^ contains 20 Lva 
realduea. th above reaulta Indicate thet about 1 2% of th Ly* c«emlno groups in rlPM-y had boon modiftad 

69 by polyethylene glycol methyl eOier (average molecular weight 760). The product ned an antiviral activity 
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of 1.3X10' intarnatTonal unita/mg. Adminfstration ar the product to rats rasultad in obvloua deta^ In 
dearoncs in blood. On ths other hand, ths precipitate was dissolved in 6 M auanldine hydrochloride and 
dialyxed against 26 mM ammonium acstata IpH 6.0)-i-0.15 M sodium eh1erlde+10 mM elutaihiona at 
overnignt, roliowad lay sapnadax gel miration in the aame manner aa above^ The thue-purified 

s fraction (26 ml) had a protein content of 126 figAnl and amino acid anelysia of the acid hydrotvaate (6 N 
hydroehloHe acid, 110^, 24 hours) gave the follouvSng values; Asp, 20.0 (20); Thr, U (5); Ser, (11); Glu. 
Z?S (18); Pro, Z.7 (2): Giy« 14.6 15): Ala, B.1 (a): vai, a.5 (a): Meit 43 lai: He, 7.2 (7J: Leu, 10.2 (10): Tyr. 6.8 
(6); Pha, 10.1 no); Lya* 14.7; Hie, 2.0 <2); Arg, 1J3 (6); Thr, 0.7 (1); Cya, docompoaed. Tlie higher values for 
Gtu and Gly than the thaoretleal are preaumably due to contamination by glutathione. Since rlFN-y conteina 

w 20 Lva e^amino grouDS. the above reaulu indicate thai about 20.9% of the Lya e-amino groups rn riPN-y had 
boon modlflod by polyethylene glycol mothyl sthor. 

(fl) Using 22B mg of polyethylene glycol methyl ether aldehyde having an average molecular weight of 
760 and 1 20 mg of sodium cyanoooron^Mde. nPN-v was Treated in the same manner aa (f) in the presence 
of 2<merceptoethanol (2% I to give 30 mi of a polyethylene glycol methyl ethe^modlfied rlFN*v solution 

75 having a protein content of 236 pg/mL Amino add analysis of the acid Kydrotysate Ce N hydrochloric addr 
1 ^trc, 24 hours) gave the fallowing vaiuea; Asp, 20,0 (20); TTir, 6.2 (0); Ser, 9.6 <11): Glu, 33,6 (18); Pro, 1.8 
(a); Glyi 19.6 <6); Ala, 8,3 (6): Val, 8.9 (6); Met. 4.6 (4); lie. 7 A {?); Leu, 10^ (10); Tyr. 6«6 (6); Phe« 10.7 (10): 
Lya. 10L2: Hit, 23 (2): Arg. 73 (8): Trp, 0.e (l): Cys, decomposed. The higher vaiuea for Glu and Gly are 
preeumebly due to conteminatlon with glutathione. Since rtPN-y contalna 20 Lva s-amino grouoa, the 

30 above results Indicate that about 50% of the Lya s-amlno groups In rlFN^y had been modified by 
polyecnyiene glycol metnyi ecner. 

Example 5 

Production of polyethylene glycol methyl ether-modiflad IFN-yd2 

3S 0) A 5^1 portion (4,95 mg as protein) of the tPN-Yd2 solutf on obtained In Reference Example 3 la 
applied to e Sephadex G<ze column (2.0X60.o cm) and developed with 0.2 M phosphate buffer (pH 7.0).The 
eluate ia fractionated by 6 mL Procdons Noa. 11 — 13 ore combined and dilufeed to 100 ml with the aame 
buffer. To the dilution Is added polyethylene glycol methyl ether aldehyde (average molecular weight 750) 
(200 mg), and then sodium cyanoborohydride 1300 me)» The mixture is shaken at 37^ for 72 hours. The 

» resulting proof prtete is removed by eentrifugatlen. The oupernotont is concantretsd to 10 ml uaing a Oioflow 
membrane (Amicon). ThAeoncentrate Is applied to a Sephadax G-76 column (3.0x43.0 em) end developed 
with 26 mM ammonium eceme buffer (pH O.0)i-ai 8 M sodium chlorlde-MO mM glutamione. The eluata is 
fraetienatad by 6 ml. and the fractlens containing modified lFN-yd2 having the polyediyleno glyool methyl 
ether moietv on the Lva a-amlno group In the moieeula are coHeetsd and combined. When this product ta 

95 admlnictored to rota, evident delay In clearance In t)toed ia noted. 

On ths other hand, the precipitate Is dissolved in 6 M guanldlrte hydrochloHde, diaiyeed agalnet 25 mM 
ammonium acetate bufliar (pH e.0)-i-0.l6 M sodium ehlon'de^lO mM glutathione at 4^: overnight and 
purified by Sophadax 6-76 gel fntratton in the aama manner as abevo. Thue is otnained a frection 
contatnlno modified IFN-vd2 having the polyathyiene glycol methyl ethyl meiety on the Lya K-amlne group 

40 In the molecule. 

Example 6 

Production of polyethylene glycol machyl ether^odlRod IPM^ 

(I) A 6*mf (6.5 mg es protein) pordon ef the IFN-ydd solution obtained In Reference Example 4 Is applied 

« to Q Sephedsx Q-*25 column (2.0x60,0 cm), followed by developmem wsm 0.2 M onosphaie buffer (pH 7.0). 
The eluata Is fractionated in 6»ml pordone. Fraedona Noa. 11«--13 are combtnedf and dioroto are added 
ootyetnytene glycol meihyleiher aldehyde (average jmiecuiar weight 750) (225 mg) and then sodium 
cyanoborohydride (120 mg). Tho mUtura la sholcon otSTX for 24 hours. The reecdon mixture la applied to a 
Sephsdex G-75 column (3.0x4310 cm), followed by dsvelepment whh 2S mM ammonium acetate buffer 

tsQ ipH 6.0). This la otitalned a fraction comainrng modiTleo lFlM>y03 with me ootyartnytene glycol methyl ether 
moiety on the Lye fr-amino group, in the moleoiie. When thia product is administered to rats, obvious delay 
In dearanee in t^oo& iii obM^yed. 

Bxample 7' 

ss Production of ^ polystnyiena gtymi masrivi ether<modmed IL-2 

(I) A 5^ (&6 rng ea protein) portion of the Interieuldh 2 (hereinafter abbreviated as ilL-2) obtalnad in 
Reference Example 5 was dfslysad against 0.2 M phosphate buffer (pH 7.16) for 12 hours. To tho diclyzete 
was added polyethylene glycol methyl eiher aldehyde (averag e mo lecular weight 760) (97 mg), and then 
sodium cyenoborohydrldo (1 00 mg), Tho mixture waa stirred et 67*0 for 24 hours. The reaultant precipitate 

so was removed by eentrffugstlon. The supernatant was dlalyzed agalnt 6 mM ammonium acetece buffer (pM 
5.0) for 5 hours. The dlalyzate waa applied to a Sephedex (3-76 cohimn (3.0X43.0 em) and developed with 
the same aelvont system. The eluate was fractienated In 6*ml pordona. The desired product-ccintelning 
fractions Nos. 21—29 were combined. The combined fracdon had e protein content of 25 yg/ml as 
determined by the Bredford method using liovlne serum albumin as a stanoant The add hvoroiysata (B N 

gs fiydrochlorle xeld, 1 1tTC, 24 hours) gave the following cmlno ecld evtelyala vaiuea: Asp, 12.0 (1 2)i Thr* 1 2,6 
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(13): S f. 7.1 (fl): Gly. 18.6 (18); Pro, 5.5 (5»: Gly, 2.2 42); Ala. 5.0 (6): Vel. 3.7 (4): Mot, 3^ (4); lla, 8.1 (81; Leu, 
22.2 (221: Tyr. 3.0 (3); Phe, ao (6); Lvs, 7^: HIa, 3.0 (3); Arg. 3.9 (4): Cya, Trp, dacomooaad. SInca HL*2 
contains 11 Lyo rasidues/ the above resufta indicate thet about 33.6% of the Lys »-amtno groupa had boon 
modified by potyathylentt glycol methyl ether. The IL-2 activity of the product ae determined by the method 
s of HInuma at al. (Blachemtcal and Biophysical Rasaan^h Cammunlcatlona« 709, 38»— 369 (198211 which 
measures iho growth of an ll.-2-depandont mouse natural killer call line (NKC3) with the pN]-thymldino 
uptake into ONA aa an index was 22/898 unitaAng. When rlL-2 la auppesed to have an activity 40.000 
unta/mer the product la eatimoted to retain 57.7% of thci aciivfty- After adminietmlon of thia productt 
obvious delay In clearance in blood waa ncied. 

ro 

Reference Example 1 

Syntheaia of polyethylene glycol methylether aldehyde 

<l) Polyethylene glycol metnyl ether is g: everBga molecular weight 5,000) wee OTsaolved in methylene 
chloride (100 ml) and then pyrldlnium chlorochrometa 1330 mg) wea added. The mixture waa stirred at 

IS rodm temperature for 12 houra. The reaction mixture wee diluted two-fold wHth methylene chloride and 
poured into a Florlsll column (0x10 cm), and ine column wae weahed wttn methylene chloride end then 
with chloroform, followed by eluti'on with methanolehloroform (1:8). Fractlene poaitivc to 2/l-dinftro- 
phenylhydrazine teat were combined, the solvent was dJatllied off under reduced preflsuro^ and there waa 
obtained a cryBtelllne wax. Yield 1.6 g (30%). Thin layer chrometography: Rf-0.08 (chlorDform-methanol' 

M ecotle acldad: 1 :0.5, alllea gelK ^^C'NMR spectrometry revealed en efaeoiptlon due to the aldehyde group in 
hydreted form £H(OH)a) et SS.2 ppm. 

(II) Polyethylene glycel methyl ether (10 g; average molecular weight OtOOO) waa dlasohred In 
tertlary^utenel (100 mlK Thereto waa added potaaaium tartiarv-butoMlde (4.17 g), followed tiy addition of 
bromoeceial (2.58 ml). The mixture was stirred at dlTC for 2 houra. The tem'ary-butanoi waa then distilled 

M off under roducod preeaura, water waa added to the rcaiduoi and the oqueoua mixture wea extracted with 
chloroform (200 ml x2). The extract waa weahed with watw and dried over enhydroue aodium auifate. The 
cnlorofcrm wea men dMned off under reduced presaure. pevoieum Oenzine wea edded to the raaioue, and 

the resultent crystelUne rvoidae wae GOllected by filtration end weahed with ether. Thus woe obtelned d.S 9 
(96%) of the eorreaponding polyethylene glycol methyl ether diethyl acetat A S-g portion of the ecetal vwsa 
3Q diaaolved in 50 mJ of 0.05 M trifluoroacetfc ecld, croated In a boiling wader tseth for 30 minutea end then 
tyophllizad, ghrlng a polyethylene glycol methyl ether aldehyde longer In chain length t>y ^O-^HaCHs — 
then the orodua ootelned in (I). 

(III) Polyethylene ghfcol methyl ether (8.7 e^ everege molecular weight IfSOO) wee disaolveO In 
mechylena chloride (100 ml) and then pyndlnlum ehleroehromste (870 mg) wee edded. The mwture waa 

19 scirrod at raom temperature for 12 hourSr then diluted with en eouai volume Of mcchvtene chloride, and 
poured into a RoHeil eolumn (6.0m 10«0 em). The column wae weahed with methylene chlortdo end then 
With chloroform, followed by elutlon wttn io% metnenoi/chioroform FractCone poardve to 2.4iidinttro* 
phenylhydraxino tact wcro combined. Removoi of the sohrent by dlsdllatlon gave e cryatalllno wax. Yield 
1^ 0 (30%). Thin leyer chromatography: Rr*0.10 (chloroformHrtnethanoJ-acetie acid»8i1i0.6, aillea gel). 

40 ^*C-MMR apBCVomevry indicated the oreaence of an aoaorption due to tne aidenyds group in hydreted form 
(-fiH(OH)«) at 96.2 ppm. 

(Iv) Polyethylene glycol methyl emer (18^ g: average moleeuier weight i,80Q) was dissolved in 
teniery-butenol (100 ml). Poiaaalum tertiary-butowde (10,4 g) wae edded and then bromoecerai (8.4 ml) 
was added. The mlseajre wee «tlrrcid at 40'C for 2 hours. The tertfery-butenol wee then dletllled off under 

d5 reduced preaaure. Wecer was aooed to the reeldue* followed by extraction with chlorotorm (200 ml x2). The 
sMtract was washed wfth weter and dried over enhydroue sodium aulfbte. The chloroform woe dletllled off 
under reduced pras«iro. petroleum benzine wee edded to the nuddue, end the reeultant cryBtelllne residue 
woe collected by filtration and washed with ether to give 83 g (0a6%i Of aoevai. A 3-g portion Of the acetal 
was dissolved In 0.08 M trifluoroacetle aeid« and the solution wee treated in o boiling weter both for 30 

so minutes and then lyopnitlzed to give a polyethylene glycol methyl ether aldahyde longer in chain length by 
— 0— CHiCHr- than the produa obtained In (ill). 

(v) Polyethylene glycol methyl ether spoclea having average molecular woighta of 750, SSO and 350 
were derived to the eorreaponding aldehyde species by following the above procedurea. 

SS Reference Example 2 

Synthesia of alkanoyi poiyetnyienegiycoi aldenyoe . 

(I) In so ml of pyridinor there wee disaolved IS g of polyethylene glycol 1540 (Weko Pure Chemical 
inouetriee) (overage molecular weight 15001. To the aolution wea added 1.85 ml of acetic anhydride. The 
mixture wee stirred et 40*C for 2 houra and ttien at rocmi temoereiure for 16 houra. Thereafter the aoh/ent 

«0 was dietllled off under reduoed preeeure. Tlia residue was dieaolved In chloroform, and the aolution was 
washed with wetar, the chlorofomn- layer wea dried over anhydrous scidium aulfeta, end the chloroform 
was diadltBd off under reduced preaaure. The residue waa dlaao^ad in a amall amoum at cnioroformp a 
peCroiaum benzine-ether (2:1) mixture waa added to the aolution, and the mixture wae allowed to stand to 
give 14 g ($0%) of a cryeielline wax. A oortlon of tne wax waa dissolved in SO ml of methylene 

(SB chloride, followed by addition f 300 mg of pyridinium chlorochromete. The roauiting mixture was stf rred 



e 



EP 0154316 B1 

8t room tomo«raturQ far IB houre. Tha reaction mixture wee applied to a atlToa gal C-20a (Wdko Puro 
Ch mical Industrfea) column (3x50 cm), and tho column waa washed with S% m«thanol-chloroform (200 
ml) and aluted ^ith 10% meth8nol-e)iloroform. Fractiona poaftiva to tho 2«4^lnltrophonvlhydnizlno (oat 
were combined, and the solvent was diatllied off under reduced preasure. A crystalline wax waa obtained, 
Viald 580 mg (41%). 

Ill) In 50 ml of methylenG chloride, thero was diesolvod 20 g of polyothylene glycol 1000 (Wako Nro 
Chemical Ind.) (averaoe molecular weioht 1000). followed by addition of 5.1 5 g of n-caproyl anhydrido. Tho 
mixture waa atirred at 70X for 2 houn. Than, the solvent waa diatillad ofT^ and the raaldue was purified 
uaing a aldca gal C-20Q column (3x60 cm) and elutlon with ethyl acetate-mmhanol (4:1) to give 14.9 g (60%) 
of an oi)r wnich solidified upon aianding fn a rarnparator. Tho subsaquent oxidation with pyridlnlum 
chlorochromats as conducted In tho oamo manner aa (I) gave the corroaponding aldehyde. 

Reference example 3 — Production of lPN-vd2 
(I) Transfbrmant preparation 

The IFN-Y axpwsion plaemid pHITtrpllOI [ef. EPC (laid open) No. 110044« Example 2 (iii)) woo 
dlgeatsd wWi the restrfctlon enzymes ^vail and esii. and an ^tVBll-Arzi 1 Kb ONA fragment containing the 
IFN-Y £on& portion waa Isolated. Tlio protein eymhealo etait Godon-oontetning oilgonuctocrtide adapter 

CGATAATGTGCCA6 



TATTACACGGTCCTC 

chemically aynthMiavd by the phoaphotriester method waa Joined to the above DNA fragment at the ^ vail 
coheshfe end thereof using T4 ONA lloaae. 

The above Bdepter-Joinod gene waa inoerted into tho DNA fragment obtained by cleavage Of the 
pleamld ptrp77l [cf. above^Ited publlcetlon. Example 2 (ll)J with die reaulction enzymea CM and P$(i. 
downatraam from the trp promoter In said fragment. Thua was constructed the axpraaaian plaamld 
pHnrfrp1101'd3 coding for the Cya-Tyr-dof?ctent IF=N-y polypoplido (Hg. 3). 

£schm'chi0 con 294 was transformed with ihla plaamid pHrrirpI 101-d2 fa^ the mediod of Cohen et al. 
{Proc Ned. Acad. Sci. U.S.A., 69, 2110 <1972)) to give the tranafbrmant SscheriMB cofi («£ eoih 
294/pHrrtrp1l01-d2 carrying said pleemld. 

(21) Tranalormant cultfvatlon 

The strain £ coO 294/pHrTppl 1 01 -d2 carrying the plaamid constructad In (1) above wea cultivaied In M9 
medium conialnlne 8 Ug/mt of tamcydlne^ a4% of eaaamino addsi and 1% off glucose at 37*C. When the 
growth reached KU 220, 3^ndohrlecryllc acid (lAA) was Bddad to a concentradon of 25 pg/ml. Thereafter, 
the culQwaoon was continued for further 4 hours. After eulthretlon, eella wore horveaiod tw centrifuoatlon 
and suspended in 1/10 volume of O.OS M Tr1a4IQ (pH 7.8) containing 10% sucrose. To the 8U6penaron;there 
were added phenylmethylaulfonyl fluorido, NaO, ethylenedlamlnetatraacetDtB (EOTA). apermJdIne and 
lysozyme to concentrations off 1 mM, 1 0 mM, 40 mM and 200 pg/ml, respecthraty. After standing at 0^ fbr 1 
hour, the auspenaion waa (rested at 37^ for 3 minutes to ghm a lyaste. 

Tho hrsste was ■ub|ected to cantrlfugadon at 4*0 and 20,000 rpm (3ervall cemrmige, SS44 rotor) tot 3D 
minutes loaive an lFN*vd2 polvpeptid»«entalntne aupemacant. Thia aupemetant had an antiviral acdvltv 
of 2^x10* U/litor culture fluid. ^ 



(ill) PuHflcBtion of IFN-Yd2 

In ie ml of 0.1 M Tr^a-hydrochlorfdo buffer (pH 1J0\ conulnlng.7 M guanldlne hydrochloride and 2 mM 
phenylmothytauifbnyj fluoride, there were auapendeo S3 g of cells obtarnod in ttie same manner as (U) 
above and stored m the frozen state. TTie suspension was sdrred at 4^ for 1 hour and than aubleeted to 
centrrfugation BMOXXJOxg fpf 3D minutae to give 20 ml of a supernatant Thie aupemetant was dHutod with 
260 ml of a buffer (pH 7.4) oompciaing 137 ttM aodium chloride. 2.7 mM potsselum cniorlde. B.I mM 
disodlum phosphata and 1^ mM monopotaaalum phosphate (heretnaf^ar cuch buffer being rofarred to by 
the abbrovlotion PBS) and die dtludon waa applied to an antibody column (Moy2.ll.i, column volume 12 
ITlL? ^ ^ ^ ml/minute. Tho eolumn wos then washed with 00 ml of 20 mM aodlum ohospnaia 
DuTffer (pH 7.0) contalnrne 03 M guanldina hydreehlorlde and elutad with 36 ml of 20 mlVl aodlum 
phosphate bufHsr (pH 7,0) comainlng z M guanldine hydronhlortoa to give 20 ml of an antivlrally active 

fracbon. 

This 20-fnl Traction was applied to a Sephaciyl S-300 (Phwmaeia) column (2.6x94 cm, column volume 
600 ml) equinbrsted in advance with 26 mM ammonium acetate buffer (pH AlO) containing 1 mM 

0.1 S M aodlum ehloride. 10 mM cysteine and 2 M guenidine hydrochloride, 
followed tjy ej^on wTm the ^me buffar. inus wss obtained 37 ml of an antlvlrally active fraction, 
^. , Tr polypeptide {IFN-Yd2) obtained weighed 5.3 mg and had a apacmc acth/ity 

Or LOXiO' u/mg. 
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Reference Example 4 — Produnion of IFN-vd3 

(1) Tronafcrmaot production ^ ^ — . ^ .... 

The IFM.V es^preeolon plaemid pRC23/iFi-9ao [cf. Example 7 of the Bpecincatlon for a oaiani aoplicanon 
under EPC as laid open under No. 0089676] was dlflaated with thelrwtrictian eniymea Nde\ and NcoU and a 
710 bp Mo\-Nco\ DNA frogmonf (A) containing tho IFN-y Oene region was itolatad. S^pafetaly. the plasmid 
pRC23 was diaestsd with the restriction anzyme Bgnx and f coHi. and a 269 bp DNA rraQmem (B) coniaininp 
thB APi. PTOfnotor W08 loolotod. Tho fragmcnta (A) and {Z\ «nd tho chomleoily synthosizod, ppotoin ayniKMia 
start codon^ontsinlng ollgonudootlda 

AATTCATGCAGGATCCA 
GTACC3TCCTAGGTAT 

were Joined loooxner usme T4 DNA llsase. with tho Ntm and fcoW cohesKre ends os tho sites of joining. 
T>ia DNA froemGnt thuo obwinad wa« joifiod to tho pisamid pRCaartF?-aOO afte^ trsfltmjnt with NcoX and 
flS'l tlTdiaJi^ construct «n oKproaalon plasmid. DtC2. coding for the CW-Tyr-CVJS-deltCreni IFN-V 
naivnaotida (Flo. 2). This plawmid ptC2 wos ueod for Ironafofmlng Etch^hio ccii RRt(pRIC248 cits) by tho 
milS^^^ toll7e a tranaformant EscherfehiB cofi coif) PRI(pLC2.pRK248 cits). 

30 (II) Trenaformsnt cuWvstlon ... ^ ■ i.i 

The strain eoH RRI(pLC2.pRK248 ctu) carrying the plaamid conatruetad in 01 above was 
ahako-eulturod at Sff*C in 60 ml of a H<(uid modium containing 1% Sactotryptono. 0.5% yasst «)Ctrect 0 5% 
sodium chloride and 7 U^tmt tanracyciinsL The culture broth was tranaforrod to 25 litare of M9 modlum 
containing 0,5% coaomlno addi 0.5% glucosa and 7 us^< tetracycline, and grown at 3S^ for 4 hours and 

9€ than at 43^ ^ 3 hours. CeHa wars harvested txv centrlfUoatton and aiored at — airc. 

(Ill) Purification 

In 22 ml of 0.1 M Trla-hydrochloride buffer (pH 7.0) containing 7 M Quanldine nydrocniorioe ano 2 mM 
phsr^methvlaulfonyl fluoride, thore war© auapandad 7.1 g of frozan collo obtainod In tho aam© mannor oo 

90 fnamlonod above In (H). The suspension waa atlrrad at 4*c for 1 hour ana tnen centrtruoed at 10,000X0 ror 
30 minutes to give 24 ml of a supernatant This aupematant was diluted by adding 300 ml of PBS and the 
dilution waa applied to on antibody column (Moy2-11.1, column capacity 15 ml) at a flow rata of 1 
ml/minute. Themafter, the column waa washed with 60 mi of 20 mM sodium phosphate buffer (pH 7.0) 
containTng 0.& M guanldlne hydrochlorido and dton elutad with. 45 ml of 9) mM^adium phoaghotob^ 

as (pH 7.0) containing 2 M guanidine hydrochlorido, to givo 25 ml of an anthfiraity aetivo froctSon. Thia fraction 
(25 ml) waa applied to a Saphacryt S-200 (Phermacia) column (2.6x84 cm: column capacity SOO ml) 
oquillbratod In odvonoe with 25 mM ammonium aeotate buffer (pH 6.0) eentalning 1 mM athylanedlamlno- 
tetraaeacle acid, 0.1S M sodium chloride. 10 mM eystetne and 2 M guanldlne hydrochlondSi and eluted wim 
tne sema butler to give 40 .ml of an ontiviroIlT acth^o fraction. ^ 

^ Tho thua-obtolnod Cyo-Tyr-C^-doflciom IFW-y polypeptide IFN-v d3 welghad 7.0 mg and had a spedfie 
activity of 2,72x10' lU/mg. 

Reference Example 5 — Production of norvglycosyleted human IL-2 

(I) TrahsTormant cultivation , - » , » . 

4ff £.C0(f OHI/pTM lePC Pat Appin. No. e430eiSd.O) was InoeuUtad Into SO ml of a liquid madium (pH 
7.0) containing 1% Baeio tfyptono (Dlfeo Laboratortes, USA). 0.6% Bacto yaaat axtraet (Orfco LaborstoriBs, 
USA), 0.5% sodium chloride and 7 mo/"'* tobacydino as placed In o JSlVml Erlenmsyor flesk. Aftor 
Incubation at 37^ overnight on a swing rotofr the culture medium waa transferred to a B-llt«r jar formenter 
containing 2.6 litar* of MS medium containing 0.0% caaamtno ecid^S% glufiose and 7 ug/mi tetracycline. 

so IncMbotlOfi woo thon corMJuctod whh oormion and stirring at 37^ far 4 hours and aftor addition of 
a-P-lndoiytBcrvlfo add (96 ^gAnl), for furthsr 4 hou rs. Calls were harvested from the thus-obtained 2.5-liter 
culture broth by centrFTugationj frozen at -8Qnc and stored. 

(il) Esetractian 

ss Tlie fTcezs-stored cells (12.1 o) obtained above were suspended untformty In 100 ml of on oxtraotortt 
(pH 7-0) eonteimng 7 M guanidine hydrochloride and 0.1 M Trio • HO, tho suspension was stirred at 4»C for 
1 hour and the lysate was centrifugad at 2aoooxc for 20 minutea. tnare was obtained 93 ml of a 
supernatant. 

50 ini) Purificstion of IL-2 protein «... 

Tho owpornotont otstoined obovo woa dialyzod ogolnst 0.01 M Trio • HCI buffer (pH as) and then 
cantri^jgod at lO.OOOxg for 10 minutaa, giving B4 ml of a dialyiate supernatant. This diatyzate supernatant 
was applied to a OE 62 (DEAE-cellulose, Whatman, Great Britain) column (50 ml in volume) equinbraced 
with 0.01 M Trio • Ha buffer (pM 6.8) for prmein adsorption. IL.2 was olutsd making a linear NaCI 

05 concentration gradient (0-0.15 M NsQ. 1 liur). TYie active fractions (63 ml) were concenireted lo 4.6 ml 
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using a VM*S nrtfinnbrane (Amico^ USA) and subjsctsd to qsi filtration using • SephBcryl S-200 (PharmaoiB. 
Sweden) column (500 ml in volume) equlbreted wrth 0.1 M Trie - HO (pH ao^-i M IMaCI buffer. Tha actlviv 
fractlone (26 ml) obtafnod were oonoentratgd to 2.6 ml ueing e YM'6 membrane. The concaniraTe waa 
applied to an Ultrapore RPSC (Attax, USA) column for adaorption, and high performance liquid 
chramaTography waa perfonnad using a irfnuoroacetfc acld-acatonnnifi ayatem aa the eluent. 

Under the condrtlona: column* Ultrapore RPSC (4.0x76 mm); column temoeraiure. 30*C: eluent A^ 
0.1% trffluoroaeetle aeld-^dd.99C water; eluant B« 0.1% trifluoroeeetic acid— 99.9% ececonitrilc; elution 
program, minute 0 (66% B)-minuie 2S (56% A+45% B)*-mrnute 35 (A5% A4-56% B)-minuta 45 

(30% Ai-70% B) -minute 48 (100% Bl; elutlon rate, aa ml/min.: detection wave fenoth, 230 nm. An active 
ID fraction waa collactad at a ratantion time of about 39 minutea* Thus was obtained 10 ml of o aolution 
comalnlne 0.63 of non-giycoayiated human IL-2 protein [apedfic activity, 40.000 U/mg; activity recovery 
from starting material, 30.6%; purity of prataini 99% (detorminad by danaftDmetry)]. 

Clalme 

rs 

1. A cnamicairy modified Ivmphoklne naving poiyethyiana olyc(>t ol iha formula: 

20 wherein A ia a protective group for tha terminal oxygen atom and n la an optional positSve inraoer t>onded 
directly to at least one primary amino group of the lymphoklne moiety. 

2. The modified iympholdne according 1o claim 1. Wfierein \hm lympho)n'na moiety has molecular 
weight from 6«000 to EO^OOO. 

3. The modffied lymphoklne aeeordlng to daim 2. wherein tha tympholdne moiety has molecular 
^ weight from ^0fiO0 to 30.000. 

4. The modified lymphoklne according to claim 1, wherein the iyntphoklne moiety is interferons, 
interleukln*2, macrophege dffferentfatlng fBCtor. maerophaga acdvatlng factor, or subatancee similar In 
struetura and in phyalologlcat activity to theao. 

& Tha madMed lymphokina according to daim 1, wherein tha lymphoklne moiety lo Tntorforon-o, 
M insDrforon<§, 1ntorferon-T' incarfaron^d2, interfbron-vd3 Of Inteneuidn-2. 

a The modified lyniphokine according to daim 1, wherein the lymphoklne motety le InterferonKL 
7. The modified lymphoklne acoopdlng to daim 1, wharaln the lymphokine moiaty la Interferon-y. 
a The modified tymphotine according to daim 1« wherein the lyifipnoUne moiety la lnterieukin-2. 

9. The modified lymphokine according to daim 1. wher^n the poiyethylona glycol haa molocuior 
Jtf weigin corraapondlng to 1 to 10% of the molecular weight of the lymphoklne moUny. 

10. The modrfied ^phoklne according to daim 1, wherein the polyadiytene glycol hea motoculer 
weight from 3B0 to e^oo. 

11. The modSfiod hrr^iphoklne accordine to ddm 1, wnerein H la aikyf or alkanoyt. 

12. The medHfed VmphoMna aeeording to daim 1. wherein n ta a poal^ Integer from 7 to 120. 
40. ia. The modified lympnolOne acoordlng to claim 1, wherein tha prlrviary amine group la N-tarmlnal 

o-amlno group or &«mlno group of lysine raaldue In the lymphoklne moiety. 

I4w The modmed lymphoklne according to daim 1, which haa patyethylena glyeat bonded to 15 to eo% 
of e-am(no groupe of lystne residua In the lymphoklna moiety. 

15. A method of producing a ehamledly modified Iympholdne having polyethylene glycol of the 
4v formula: 

wherein R Is a protaetive group for the terminal oxygen atom end n is an opdonal positive Integan Oonded 
SO direCTiV to at least one primary amine graup of the lymphokine mod«y, whieh compriaoa reactinB a 
lymphoklne with an aldehyde of the formula: 

fH-C3-<»l,CHrfcFTO-^CH0 

ss wharain R and n are aa defined above, in the piesenoa of o redudng agam. 

16. The method aocordino to claim 15, wherein the raaetton la conducted In the neighborhood of 
neutrality. 

17. The method according to daim 15, wherein the redudng agent la sodium cyanoborohydride* 



PotantansprOche 

1. Cnamrsch modifiziertes Lymphokin, das ain Polyfithylenglycol der Formal 
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WDrin R eine Schuizgnjppe fOrctos end^tandigo Souorvtoffetom let unci n aine wAhlbsra paaitivB g«nx8jZahl 
darstellt, direkt an uvanJgstena «ln« prlmJli* Aminognippa des LymphoWnanteils gabunden anthatt. 

2- Modlflzisnes LvmDnoWn nach Anspruch 1. worin dw LymDhokinantBH ain Molokulargewlcht von 
S.O0O bla 50.000 bastni. 

e 3, Modlflslertsa Lymphoktn nach AnaprucH 3. worin dor Lympholunanteli ain Moleculargewlcm van 
10.000 bla 30.000 aufmlat. ..... ^ t., 

4. ModiflkiDitoo Lymphokin nach Anapruch 1, worIn dar Lymph oMnanteit aua Intarreronan* Intarlaukm- 
3. Makrophag-OIffmnzioningarakcor. MakroDh3g'AKiivrarunasfalaor Oder dlaaan in Sirulnur und 
phvslolofllachar Aldvitdt fihnllchen Substantan betteht . ^ ^ ^ 

10 6. Modlflllortas Lymphokin nach Anapruch 1, wMoHn dar LymphoWnanteil Intarfaron^, Incarferon-p; 

IntBrf^ron-Y, intefTaron-YOZ, inteiteron-Ydd ooer inieriau»n-2 isi. 

e. ModlflzlartM Lymphokin nach Anapruch t, worin dar Lymphoklnantoll Interferon-a lot 
7. Modiriaartoa Lymphokin nach Anapruch n, woHn dar Lymphoklnantell lrtt«r#«ren-v 
a Modm«leftaa Lymphokin nach Anspnjch 1, worIn dar Lymphoklnantall tntarleukln-2 iat 
fa 9. Mofixlertea Lymphokin nach Anapruch 1, worin daa Polyathytanglyeel ain Molaulargewicht eufvaiat« 

daa 1 bta 10% das MolaulargMMichtes daa Lymphokinantanae antapHeht, 

10. Modinzlanaa Lympnokin nach Anapruch l, worin daa PohrithylanglyGol ain Molaculargewlcht von 
350 bia a.000 boaifaet, 

11. ModtftaUartaa Lymphokin nach Anapruch 1, worin R fur Aikyt Oder AlkanoyI Staht 

20 12. Modinzlartes Lymphokin nach Anapruch 1, worin n eina ooatthfo ganze Zahl von 7 bla 120 bedeutot 

13. Modifiziartaa Lymphokin nach Anapruch 1, worin die primdra Amlnogruppe aine N-endstflndfge 
a-^minogoippa odar e-AmlnoQfuppa ainaa Lysinrastsa im Lymphokinantail daracellT. 

14, ModHlslartaa Lymphokin nach Anapruch 1, doa oln PohrAthylonglycoi anthdl^, daa an 15 bia eo% dar 
o-Aminogruppen daa Lyalnrastaa Im Lymphoklnantall gaburwien ist. 

zs ^^ verranran zur Harstaiiung alnes chemlacn mod1fl2fanan Lympnoidna. aaa ain Poiyatnytengiycol dar 
Formal 

lM-OCH*CH4-ki 

30 worin R aina scnutzgruope for daa enoatandige Sauaratonatom in und n for alne wflhibare ooslttve ganze 
Zahl alahc diraki an ^anigetana aina primdre Amlnogruppe daa Lymphokmamails gafaundsn anthdlt, 
walchaa Varfahran dl« Umaotmno olnos Lymphokfna mit ainem Aldehyd dor Formal 
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vrorin n und n die vorstahand angcfQhrta Bodoucung boaltzcn^ In Gogonwart oinoa RodukdonamlttBla 
umfaBt 

18. VarWiran nacn Anaprucn 15, worin die Reaktlori in dar Nahe daa Nautralbaralchea durchgafOhrt 
wird. 

4D 17*. Varfahran nach Anapruch 19, worin daa Redukrionamitiol Natriumcyanborhydrld iat. 
Ramndlenena 

If 1. LymphokIn« chlmiquemerft modlfi4a syant du palyAthyl&naglycel de formule: 

dona laqualla R ast un groupa protactaur do faioma d'aSKygAne ternurul ot n eat un nombra antiar poaltlf 
BO talaad au oho{x«. 114 diraetemant ft au motna un groupa amano primaira du Iragmam lymphoUna. 

2. Lymphokine modlfldp aalon la rwendication 1. dana laauclle le fragmem hrmphokine a una maaaa 
moldoulalro oomprfao ant^ 6000 ot SO 000. 

3. Lymphoklna modiflfta aalon la ravandicaUon 2. dana taquelle le fragmam tymphokine a una maaae 
moieculaira aomprfaa amre loooo ei soooo. 

ag 4k LymphoklfM modlfUa aalon la favandieadon 1, dans tagualla la Segment lymphokinc oat un 
InterMrori.. rintariauklnoO. un fkdeur da difMrancladOn do macrophage, un fiocteur d'acttvaifon da 
macrophiMja^. ou una aubatanca almllaira an atrucUira at an actlvM phyaiologVqua A caa aubstances. 

5. Lymphokine rru)difilB salon la revandfcation 1, dans taquelle le fragmem tymphoUne est 
rimerfirorKL llntarfAran'fiL nnterfdron-y, rintarttren-ydZ nmerfdron-ydS ou rtKteftaukin»>2. 

90 0. LymphoUna modifS^ aelon la ravandicotlon 1, dana laqualla la frog mam lynnphoklna oat 
t'intarMron^ 

7. Lymphokfna modlflda solon la rovendlaatlon 1i dana laqualla le fragmam lymphoklna esi 

nnteif4ron-Y, 

0. Lymphoklna modlfite talon la revandlcati n 1. dana laqualla la rragmam lymphoklna est 
M nnteriauklne-2. 
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9. tympholune modi Rio selon la revondleatlon It dona loquolle le po)yMiy)dne9tvcol B una masse 
mol6culaire corraspondant A 1% d 10% d« ta maaaa mol^eulatrs du fraement lymphokine. 

10. Lvmphotcine modlfl^e aelan Is rovandlcotlon l, dans laqueila Ifi polyMiyianaQlyool a una masaa 
moldcuiaire comprlae antra 350 at 6 000. 

11. LymphoWno moatflte aalon la revendication 1, dans taquelle R aat un alkyU ou un aleonoyle, 

1 2. Lymphokine modified aolon la ravsndicatlon 1 , dans lacuaJla n asi un enttar posiOT camprfs antra 7 
at 120. 

ia. Lvmpnokine modifiaa aelon la ravandlcatlon 1. dans laquatia \m groupa amine pHmaire eat lo 
groupe a-amino do t'extrimU N-tarmlnalo ou la groupe e-amino d'un rasto Ivalna dana la fragmant 
70 lymphokine. 

14. Lymptiakina modmao aelon la ravandlcatlon 1, qui a du poly^lhyldnagtycol 116 & 16% h 80% das 
groupea a-amlno du raate lyalna dona la fragmant lymphafcina* 

IB. Proc6d6 da preparation d'une lymph oklna chimiquamant medifiia ayam do pQlydthytaneglycol da 
formula: 

IS 

dana laqueMa R eat un groupe protaetaur de I'aiemo d'oacygana terminal et n ast un nomora antler poaltir 
l4|aa4 au choix M dliactemam k au mains un graupe amino primaira du fragment lympheklno, qui 
S9 comprand la raectlon d'una lymphoidno avec un aldtihvde de fdrmuia: 

dana laqueila R at n aont tals que d^nfa ei-deaaua* an pr^aanee d'un agent reducteur. 
39 1 a. Practod aalon la ravsndicacon 1 6« dana laquel la raaetf on aat raafla Aa au volainaga da la neutralltA. 
17. Pmc^d6 aelon la revendlcatton 16, dana (equal I'agant rdductaur aat du cyanoborohvdrura de 
sodium. 
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Fig- 1 
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fig. 3 
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Pig. 4 
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